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. NACA RM A51E04

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

EXPER13fENTALSTUDY OF TK13EFTEC’TOF SWEEPBACK ON

TRANSONIC AILERON FLUTTER

By Lionel L. Levy, Jr., and Earl D. ~echtel

SUMMARY

The effects of sweepback on the occurrence and principsl character-
istics of single-degree-of-freedom aileron flutter have been determined
for a wing-aileron combination comprising an NACA 65-~3, a = 0.5, air-
foil section normal to the quarter-chord line, ad a 25-percent-chord

aileron extending over the outer 50 percent of the wing span for 0°,
20°, 30°, ko”, and 50° sngles of sweep. The Mach nuniberrange of the
investigation extended from 0.70 to 0.95 approximately; Reynolds numbers
varied from 0.7 x 10s to 1.1 X 10s. Angles of attack were varied from
-6° to +@.

Aileron flutter was encountered at all angles of sweep. The Mach
number of incipient fIutter was found to increase as the amount of
sweqpback increased, and, for all angles of sweep, to decrease as the
angle of attack increased. For constant angle of attack of the model

6the frequency of flutter increased slightly up to a sweep angle of 20 ,
but decreased thereafter with further increases in sweep.

INTRODUCTION

During the flight tests (reference 1) of a straight-wing, jet-
powered, fighter airplane, a high-frequency, low-sqplitude aileron
flutter commencing in the neighborhood of 0.8 Mach number was encoun-
tered. Further investigation of the phenomenon disclosed the fact the.t .
at higher Mach nunibersthe smplitude of the flutter increased msrkedly.
In fact, during one test flight the motion was so severe as to result in
permanent deformation of the aileron.

Because of the hazard accompanying further investigations of this
flutter in flight, a f~-scsle partial-span production wing was tested

—
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in the Ames 16-foot high-speed wind tunnel (references 2 and 3). These
tests demonstrated that the flutter encountered in flight could be re-
produced in the wind tunnel and that it differed from classical flutter
in that the aileron was found to maintain steady or divergent oscilla-
tions about its hinge axis with only one degree of mechanical freedmn.

“—

-—
—

The current trend toward the use of swept-back wings interjected
an additional paxsmeter into the problem. In view of the delay in the ,.
onset of compressibility effects predicted by sin@e sweep theory, it
was thou@t yossible that employment of sufficient sweep would eliminate
this type of flutter altogether at subsonic ~eeds, or at least allevi-
ate its violence. To investigate this possibility, a l/16.9-scd.e semi-
span model of the wing of the same aiqplane which first e~erienced the
flutter was tested in the ’lunes1- by 3-1/2-foot high-speed wind tunnel
at 0°, 200, 300, 400, and 50° angles of sweep (referred.to the quarter- ~
chord line), for various angles of attack between -6° and +6°. The Mach
number range extended from 0.7 to a maximum fixed either by choked flow
in the wind tunnel or a resonant model vibration described in the
report.

—
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Tests were made to determine the variation of the Mach number for
incipient aileron flutter szd of the flutter frequency with sngle of –
swee~, as well as the variation with lift coeffi~ient-of the Mach nuniber
for incipient flutter. —

SYMBOLS

— .-

()2aspect ratio. b
T

A

measured normal totwice the model sp.u root section

quarter-chord

b .- .-

‘ine .- ..=local wing chord measured

wing lift coefficient

aileron flutter frequency

free-stream Mach number

normal to thec

CL

f

—

M — .-
-.

—Mf free-stresm Mach number for incipient aileron flutter

to the _. ,.=
-~>

midpoint , .*:

-*

R Reynolde numiberbased on the velocity component normal
quarter-chord line end on that chord which meets the
of the aileron trailing edge,

– —.
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s twice

.

a model

% angle

5 totsl

A angle

the area of’semispan model

angle of attack, degrees

of attack in a plane normal to the

aileron motion, degrees

of sweep of the quarter-chord line,

quarter-chord

degrees

line, degrees

APPARATUS AND MODEL

The investigation was conducted in the Ames 1- by 3-1/2-foot high-
speed wind tunnel, which is a closed-throat, single-r&turn”atmospheric
tunnel. Apictwre of the model eqloyed in this investigation crppesrs
in figure 1, and a plsm view drawing in figure 2. The model was a
single semispsn wing, having the NACA 65-=3, a = 0.5, airfoil section
norm.slto the qyarter-chord line, with a 50-percent span (with respect .

● to the trailing edge), 25-percent chord, statically balanced aileron.
The initial sweepback of the qpsxter-chord line was 70°; configurations
having less sweepba& were obtained from the original model by succes-

. sively removing smgulsr segments from the inbosrd s~tion of the wing,
as shown by the dashed llnes of figure 2. The unswept wing was approxi-
mately a partial-span model of the wing of the airplsne which first
encountered this flutter. The model differed from that wing in that the
aileron tips were not in the stresmnke direction. The wing was con-
structed of solid aluminum slloy and was mounted on one wsll of the tun-
nel.

The aileron was statically balanced about its hinge axis. This
balance was obtained (see fig. 3) by fabricating the portion of the
aileron tit of the hinge axis of laminated yellow birch and counter-
balancing the attendant weight with a steel strip forward of the sxis.
The aileron motion was retsrded only by the friction in the hinge
bearings.

‘INSTRUMENTATION

To
balance

obtain records of the motion during flutter, the
was used as the moving, grounded plate of a pair

steel counter-
of vsriable

. condensers. (See fig. 3.) The other half of each condenser was formed
of a stationary strip of lead foil mounted inside the ting, one on the

.

-& .
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upper, and one on the lower

.NAcAmA5m04

s~face. Movement of the aileron changed
the c~acitance of’these two units; this change was then picked up by an
oscillator circuit, the output of which was fed directly into an oscil-
lograph. A typic~ record obtained with
in figure’k.

Qplitude of the aileron
bration.

Geometric considerations

motion was

in keeping

this instrumentation is given

determined from a static

with design requirements

cali-

limited
the linesr variation of capacitance with
of Il” (-6° to +50). The neutrsl position about which flutter began,

aileron deflection to a range

although dependent upon angle of attack, lay within this linear range
for W configurations tested.

The aileron was found to have a small smount of trsmslational
motion along the hinge axis =ising from the,s.leeve-typebe~~gs usedo
This movement was kept to a minimum and had no effect on”the static
calibration. Over a period of time, flutter caused the besrings to
develop wesr normsl to the hinge axis. This wesr was checked perio@-
cslly and when necesssry the besrings were reworked, the instrument re-”-
calibrated, snd the tests duplicated. Data obtained by this proceduxe
were not appreciably different from the original results.

The effect of temperature on calibration was that of zero shift
only. The magnitude of this shift was determined by measuring the
temperature with a thermocouple secured inside the wing. Possible error
due to thermoco@e location and temperature gradients along the wing
affected the zero position, but not smplitude and frequency.

TESTS

For each configuration tested, the Mach puniberwas slowly increased
until the aileron began to oscillate steadily about its hinge axis.
Measurements of smplitude and frequency were made for Mach nuribersin-
creasing by steps of 0.025 from this point to the tunnel choking Mach
number, or to the Mach nmiber (previously referred to) at which resonant
vibration of the model began.

This resonant vibration consisted of aileron flutter coupled with
a wing-bending vibration. It was encountered only at 20° snd 0° angle
of sweep, but at these angles it occurred for all sngles of attack
investigated. Fixing the aileron so as to prevent rotation about its
sxis was found to eliminate this bending vibration. The natursl bend-
ing frequency of the unswept wing was determined in still a@, the wing
being excited at various spanwise and chordwise stations to eliminate
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torsional cou@ing. These measurements disclosed that the wing natursl
. bending frequency was identical with that of the aileron flutter when

reson~t motion of wing and aileron took place. Accordingly, this reso-
nant vibration was believed to be a case of classical flutter invol-g
at least twm degrees of freedom.

Reynolds nunibersfor the tests sre shown in
#

figure 5.

RESULTS AND DISCUSSION

The measurements of aileron motion as a function of Mach number are
presented in figure 6. The Mach mmibers presented in this and subsequent
figures are correctedby the methd of reference 4 for solid blockage
and compressibility only. In applying this method each swept wing was
replaced by an unswept rectsmgulsr wing of eqti volume. The data were
carefully exsmined to est~lish a criterion for the Mach nuniberof in-
cipient flutter. With the instrumentation employed it was not possible
to measure reliably double’amplitudes of motion less than 2°. TO pro-

. tide consistent results, the Mach nuriberfor which the aileron motion
first attained a double amplitude of 4° was arbitrarily chosen as the
criterion for incipient flutter.

.
Three important conclusions are to be derived from inspection of

the-curves of figure 6. First flutter was encountered at all angles
of sweep investigated; even ~ 6 sweep was insufficient to prevent its
occurrence at subsonic speeds. Second, for anyparticulsr Mach nuniber s
and angle of attack each increment of sweep angle reduced the dotile
wqplitude of motion occurring at that Mach nuiber. Third, each incre-
ment of sweep increased the Mach number of incipient flutter.

The variation with model angle of attack of the Mach nuriberfor
incipient aileron flutter is presented in figure 7. Here it is seen
that for a given angle of attack, increasing the angle of sweep in-
creases the Mach wuiber for incipient f“lutter. However, to compare
results with siqple sweep theory it is necessary to consider
conditions in a plane normsl to the qparter-chord line. Vshes for
constant angle of attack in this plane are indicated in fi~e 7.
In figure 8 the ratio of Mach
corresponding Macn nuniberfor

ntier.for incipient flutter to
the unswept wing is plotted for

the
constant
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angle of attack normal to the quarter-chord line as a function of angle
of sweep.r Comparison of this plot with that of the reciprocal of the
cosine of the @e of sweep discloses that the increase in this Mach

fl–

number ratio wtth sweep angle is not as rapid as might be predicted by
simple sweep concepts. It is seen that this variation is a~roximated
more closely by the reciprocal of the square root of the cosine of the
sweep =gle. A deviation might have been expected, as tests of tbree-
dimensional swept wings have shown that vs@ations of other airfoil
characteristics also differ fram simple sweep concepts.

—.
There also ~“

possibly be some relation between these results and the fact that the
aileron tips lsy in the streamwise direction for only one engle of
sweep (A = 500).

The effect of sweep on the average frequency of initial aileron
flutten”is presented in figure 9. The figure discloses that for sll –
angles of attack investigated the frequency of the initial flutter in-

—

creased slightly with increased sweep angle qp to approximately 20° of
sweep, but decreased with further increases in that angle, that rate of
decrease being somewhat greater than that of increase. This observation,
however, can onlybe a tentative one because of the possible dsmping
effect of the aileron counterbalance. (See fig. 3.) .

The variation tith lift coefficient of the Mach number for incip-
ient aileron flutter, for each angle of sweep, is presented in fig-
ure 10. (These lift coefficients were calculated for each angle of

.
..—

attack by the method of reference 5.) For all angles of attack above
-4°, the Mach number for incipient flutter decreases with increasing
lift coefficient. The parallelism of these curves with the plot of the
Mach nuniberfor lift divergence for the airfoil section= indicates that,
for a given sweep angle, incipient aileron flutter occurs at a constant
increment of Mach numiberabove lift divergence of the section.

In the course of the investigation,use was made of the shadowgraph
technique for visualizing the flow over the model to obtain a further
understanding of the causes of the flutter. References 2, 3, and 6
suggest that this type of aileron flutter is caused by an oscillating
air flow over the upper surface of the profile which arises from a
coupling action between aileron motion, shock-wave oscillation, end
boundary-layer separation. The shedowgrqph obse~ations indicated that, ‘
for all configurations of the present investigation, flutter was

~Although the Mach numbers used in figure 8 are obtained from faired
curves, the ratios of these Mach numbers represent specific condi-
tions and are therefore plotted in synibolform.

Y

%l?hiscurve is tekenfrom republished data obtained in the Ames 1- by
.

3-1/2-foot high-speed wind tunnel, June 1946.
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invariably accompanied by intermittent boundsry-layer sepsration and
. shock-wave oscillations of corresponding frequency. These results pro-

vide additional
freedOn aileron
phenomenon.

The effect

evidence sup~orting the belief that one-degree-of-
flutter is a caqpressibility-inducedflow-separation

CONCLUSIONS

of sweepback on the occurrence and principal character-
istics of single-degree~of-freedomaileron flutter has been determined
for a wing-aileron conibinationcomprising sn NMA 65-~3, a = 0.5, air-
foil section normsl to the quarter-chord line and a 25-percent-chord
aileron extending over the outer 50 percent of the wing spsn for 0°,
20°, 30°, 40°, and no angles of sweqp. Mach nmiber range of the in-
vestigation extended from 0.70 to 0.95 a~roxhately. Reynolds nuuiber

:?’;: :%
0.7 x 106 to 1.1 X106. Angle of attack was varied from

A The principal results of this investigation maybe summarized as
follows:

. l-. The aileron fluttered at sll angles of sweep investigated, even
x“ sweep being insufficient to prevent flutter at subsonic speeds.

2. For the complete angle-of-attack range of the investigation,
the Mach nmiber for incipient flutter increased with increasing sweep
angle qpproxlmately as the reciprocal of the sqysre root of the cosine
of that angle.

3. For all angles Qf attack above -4°, the Mach n@ber for incip-
ient flutter decreased with increasing lift coefficient.

4. For constant angle of attack, the frequency of flutter in-
creased somewhat with increasing sweep sngle w to 20°, but thereafter
decreased with further increases in sweep @e.

5. Shadowgrqph observations of the airflow around the model during
flutter showed that the shock-wave oscillation was similar to that noted
in previous tivestigations of this phenomenon.

,

. Ames Aeronautical Laboratory,
.

National Advisory Committee for Aeronautics,
-- Moffett Field, Cslif.
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Figure l.– Three-quarter view of wing mounted in tunnel. A =0°, a=o”.
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Dimensions in feef

A lb/21 s/21 A

Mmi
500 .7/6 .332 3.08

=3=’

11

Figure 2. Plan view of model.
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Led foil condenser plate
MicC7rfo insulation

v

Figure 3. GfOSS - sectlonol sketch of model instrumentation.

:,
‘Aileron motion, deg..

74” 8“=40—-..--— ,., . . -80 .- , ---------..:. -- . ..

+_+_O.01 second

—.

Figure 4, Typical record of aileron flutter. A, 40” ~
(z,-Po* Al, .920.
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Figure 5. Voriafion of Reynolds number with Much number.
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Mach number, M

(0” 4,’0”

Moth number, M

(b) A ,20” v

Figure 6. Vurhtion with Moth number of total oileron
motion.

.

—

.

. .
.

.

.

.



NACA EM A5U@

—..

.- 15
.

.

/2

8

/
d

?7 .8 .9

❑ 2
~4
A6

Much number, M

{c) A, 30°

‘)degH-t.

5-6
-4

d -2
00
02
04
A6 B

/2

8

I

I

4

0.
.~ /.0.8

if

A ,“40°(u’)

Figure 6.



16 NACA RM A51E04

bs /2

%’ a, deg

f&’
‘+ 8

~
-6

a
E

-4 lnc@ient /
d -2 flutter 7 ‘/ A

c
~ 00
*4 ❑ 2
“- ~4
b A6
~
~ 07. .8 .9 Lo

Mach number, M

(e) A,50°

Figure , 6. Concluded.
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.

Model angle of attuck, a, deg

Figure Z Variofion with angle of uttuck of the Mach number
for hclpient Mefon flutter.
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Figure 9. VorkWon of uileron flutter frequency with angle

of sweep.
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Figure 10. Vofhtion
number for

with //ft coefficient of th 8 ~(7Ch
Incipient of’leron flutter. .

w-

-.<___....

NACA-Langley -9-10-51-326


